TITLE OF THE INVENTION 

Genetic Design Method and Apparatus 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention generally relates to a computer-aided design method, and more 

particularly, to designing concept sketches, such as for automobile profiles, using a genetic 
algorithm. 

2. Description of the Related Art 

The conventional design process which involves a "proof of concept" have been 
10 accomplished with drawings and subsequent refinements done by hand or with computer 
assistance. A designer creates concept sketches or profiles, such as for a new automobile, by hand 
or with a suitable CAD/CAM program. The process may take up to one or two months, or 
longer, to create acceptable concepts. An average designer may create about twelve sketches a 
day. Renderings in one-fifth scale may be achieved in less than two days. 
15 Such conventional techniques are time consuming and tedious. In addition, traditional 

CAD/CAM programs are, for the most part, enhanced drawing tools which merely reflect the 
designer's creativity but do not generate creative contributions. The conventional approach does 
not dramatically reduce the cycle time to generate acceptable proofs of concept, such as for a new 
automobile. 

20 Genetic algorithms have been used in the art to transform an initial population of objects 

into new populations based on theories of natural selection and survival of the fittest. Starting with 
an initial population of objects, such genetic algorithms evaluate the objects in the population for 



fitness with respect to the problem environment and perform genetic operations on various objects 
in the population to produce a new population. Some basic genetic operations include fitness 
proportionate reproduction and crossover. Fitness proportionate reproduction reproduces or 
copies an object from the initial population into the new population based on a probability of 
fitness for that object in the problem environment. Crossover creates new offspring for the new 
population by combining relevant parts of two parents. Other genetic operations include mutations 
or architecture-altering operations, 

A detailed discussion of genetic algorithms and genetic operations can be found in United 
States Patent Nos. 4,935,877; 5,136,686; 5,148,513; 5,343,554; 5,742,738; and the references 
cited therein. These references show how such genetic algorithms have been specifically tailored 
for problem solving applications. Genetic algorithms have also been specifically tailored for 
application in automated design of electrical circuits (see, United States Patent No. 5,867,397) and 
for application in sound generation (see JP 11-175072). However, the conventional art has not 
heretofore addressed the problem domain of a design process for concept sketches, such as for new 
automobiles, for application of a genetic algorithm therein. 

SUMMARY OF THE INVENTION 

The present invention incorporates a genetic algorithm into a design process, such as for 
new automobiles, in order to shorten the design cycle, increase productivity, and substantively 
enhance creativity in the design process. 

An object of the present invention is to shorten design development time and to allow a 
designer to quickly generate high quality concepts or profiles. 



It is also an object of the present invention to increase design productivity and quality with 
a program that learns the designer's preferences and incorporates the designer's preferences in the 
generation of new offspring profiles. 

The present invention achieves these and other objects by providing a genetic design 
5 method and apparatus in which parent profiles are selected and broken down into surface 
segments and glue segments, each of the segments having a length, an height, and an asymmetry 
attribute, each of the surface segments further having an angle attribute, and each of the glue 
segments further having a radius attribute; merit values are maintained for each of the segments 
and for each of the attributes for each of the segments; and offspring profiles are produced by 
10 evolving the parent profiles using the merit values. 

The genetic algorithm includes a probabilistic recombination algorithm which selects for 
each of the attributes at least one of a random value and a value of the attribute associated with one 
of the parent profiles depending on a non-linear importance function based on the merit values. 

The merit values include a segment age for each of the segments which measures time, in 
15 generations, that the segment continues to exist; a user-set attribute age for each of the attributes 
of each of the segments which measures time, in generations, that the attribute having a value set 
by an user lasts unchanged; a program-defined attribute age for each of the attributes of each of 
the segments which measures time, in generations, that the attribute having a randomly set value 
lasts unchanged; a survival time for each of the segments and for each of the attributes of each of 
20 the segments which measures time, in generations, that the respective segment and attribute 
remains unchanged after user modification of a region of the profile including the segment; and 
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a modify time for each of the segments and for each of the attributes of each of the segments which 
measures frequency of modification of the respective segment and attribute. 

By decomposing profiles into segments and evolving such profiles, the present invention 
can enrich the design process with meaningful offspring profiles reflecting various combinations 
5 of preferred characteristics of the parent profiles. This facilitates quick and easy generation of 
creative concept variations and reduces the overall design time. 

Profiles according to the present invention can be easily modified, while maintaining 
relevant information on the designer's preferences. The combination of the merit values, as 
represented by the non-linear importance function, reflects the preferences of the designer as the 

10 design progresses through various modifications and generations of evolution. Accordingly, the 
present invention is able to "learn" what is important to the designer as the concept undergoes 
changes, and the present invention can maintain preferred features across successive generations 
of the profiles . As such, the genetic design method and apparatus of the present invention enriches 
the design process with meaningful offspring profiles embodying preferred attributes from prior 

15 generations. 

The objects of the present invention are also achieved by generating a family tree 
identifying successive generations of the parent and offspring profiles. By displaying the family 
tree alongside the parent and offspring profiles, the designer can better appreciate the history of 
the resulting profile and other design cycle logistics. 
20 Segments of profiles can be aggregated to represent meaningful groupings to facilitate 

design editing. Profiles can be provided for different views and at different levels of detail. In 
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addition to two-dimensional views of the profiles, combinations of different profile views may be 
used to create three-dimensional images of the profiles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the invention will become apparent and more 
5 readily appreciated from the following description of the preferred embodiment, taken in 
conjunction with the accompanying drawings of which: 

Fig. 1 is a block diagram of a genetic design apparatus according to the present invention; 

Fig. 2 is a block diagram of a genetic design method according to the present invention; 

Figs. 3 A and 3B are two parent profiles; 
10 Fig. 4 shows curve and glue segments of the parent profile of Fig. 3A; 

Figs 5 A to 5C respectively depict length, height, and asymmetry attributes of segments, 
and Fig. 5D depicts the further angle attribute of a surface segment; 

Figs. 6A and 6B respectively show a tight radius and an open radius for a glue segment; 

and 

15 Fig. 7 "shows a display of the parent profiles, offspring profiles, and a family tree. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings Figs. 1 to 14. 

Fig. 1 is a block diagram of a genetic design apparatus according to the present invention. 
20 A computer 1 includes programmed components, such as a selection unit 2, a segmentation unit 
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3, a profile editor 4, a merit value monitor 5, a genetic evolution unit 6, and a family tree 
generator 7. Output is displayed on a display 8. The computer 1 may be a general purpose 
computer, a dedicated processor, a distributed server, a microprocessor, or the like, which may 
be programmed with the above components. 

Fig. 2 is a block diagram of a genetic design method according to the present invention. 
At step 2-1 parent profiles are selected. This selection is managed by the selection unit 2. In the 
present invention, these profiles preferably represent concept sketches of an automobile. For 
example, Figs 3 A and 3B depict parent profiles 10 and 11 which represent outlines of an 
automobile. 

After parent profiles are selected, step 2-2 divides each profile into elementary pieces of 
curves called segments, genes, or local concepts. Each segment is either a surface segment or a 
glue segment. Glue segments determine the shape of the curve at a boundary between adjacent 
surface segments, serving to "glue" them together. For example, Fig. 4 shows the curve and glue 
segments of the parent profile of Fig. 3A. In this example, the profile of Fig. 3 A is broken down 
into 30 segments, numbered 1-30. The even numbers identify surface segments. The odd 
numbers identify glue segments. A complete series of such segments or genes constitutes a 
genome of the profile. The partitioning of the profile into segments is performed by the 
segmentation unit 3. 

The segments are B-spline curves which are characterized by length, height, and 
asymmetry attributes. Surface segments also have an angle attribute. Glue segments further 
include a tight or open radius attribute. Figs 5A to 5C respectively depict length, height, and 
asymmetry attributes common to all segments. Fig. 5D depicts the angle attribute for a surface 



segment. Figs. 6A and 6B respectively show a tight radius and an open radius attribute that is 
unique for a glue segment. The arrows in Figs. 5 A to 5D show how these attributes may be 
modified by a designer in step 2-3, handled by the profile editor 4. The profile editor may include 
the use of icons to make changes graphically and dialog menus in which specific values may be 
entered. Details of how attributes are changed are discussed later. 

To facilitate design and modeling, groupings of segments or local concepts may be made 
to identify higher level concepts. For example, the segments identifying a windshield, a roof, and 
a rear window may be aggregated to form a higher level concept of a green house. Such higher 
level concept groupings may be defined and stored in a database used by the computer 1 for 
further evaluation and editing. 

The discussion thus far has referred to the elementary building block curves of a profile 
as segments, genes, or local concepts. However, global concepts can also be defined for a profile. 
Global concepts are concerned with the overall aspect of the structure, in ways that cannot be 
simply controlled with the manipulation of local concepts. For instance, in the green house above, 
a global concept is the relationship between the windshield angle and the length of the roof. 
Another global concept is a ratio between the hood and the trunk. Defining such global concepts 
allow easy tracking and control over desired relationships whenever attributes of segments 
included in the global concept are changed. For example, changing the length of the roof may 
change the windshield angle, unless controlled by a global concept on the relationship. As with 
the higher level concept groupings, such global concepts may also be defined and stored in a 
database used by the computer 1 for further consideration and manipulation by the designer in the 
design process. The subsequent references to a concept pertain to both local and global concepts. 



Returning to Fig. 2, step 2-4 is performed by the merit value monitor 5. In this step, merit 
values are maintained for concepts and attributes of the concepts. The merit values are important 
measures which are used to learn the tastes of the designer in order to yield more relevant profiles 
later in the genetic evolution. In the process of interacting with the designer, the present invention 
is able to learn and develop genes yielding profiles to the taste of the user. In order to learn 
efficiently, merit values are provided for each of the concepts and for each of their attributes. 
Details of the merit values and how they are maintained by the merit value monitor 5 in step 2-4 
are discussed later. 

The genetic evolution unit 6 performs step 2-5 to evolve the parent profiles to produce 
offspring profiles using a genetic algorithm that employs the above mentioned merit values. The 
genetic algorithm includes a probabilistic recombination algorithm which selects for each of the 
attributes at least one of a random value and a value of the attribute associated with one of the 
parent profiles depending on a non-linear importance function based on the merit values. The 
details of the genetic algorithm and its use of the merit values are discussed later. 

Fig. 7 shows a sample output generated on the display 8 by step 2-7. A family tree 20 is 
generated by the family tree generator 7 in step 2-6. The family tree 20 reveals the lineage of 
genetic evolution of the profiles. By displaying the family tree alongside the parent and offspring 
profiles, the designer can better appreciate the history of the resulting profile and other design 
cycle logistics. 

The family tree 20 shows two generations, 0 and 1 . At the bottom of the tree, there is one 
progenitor parent 21 for generation 0. When there is only one parent profile, the genetic evolution 
unit randomly selects and varies attributes of local concepts of the profile to produce nine 
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offsprings. Of course, the present invention is not limited to generating nine offsprings. Any 
desired number of offspring may be generated. Offsprings are designated by generation number 
and offspring number. 

The family tree 20 shows that offsprings 0.0 and 0.8 from the nine offsprings 0.0 to 0.8 
5 of generation 0 were previously selected as the parent profiles 22 for generation 1 . The genetic 
evolution of parents 0.0 and 0.8 resulted in offsprings 1.0 to 1.8. The offsprings of the most 
recent cycle of evolution, i.e. offsprings 1.0 to 1.8, are displayed in the boxes next to the family 
tree. 

Until new parents are selected for generation 2 from the offsprings 1.0 to 1.8, potential 
10 parents 23 for the next generation defaults to the same parents previously used and is displayed 
in the parent dock 24. The family tree 20 reflects this default choice with lines connecting the 
potential parents 23 of generation 2 to the previous parents 22 of generation 1. 

Clicking on a displayed profile allows the user to edit the concepts and attributes of the 
concepts of the selected profile. A tool bar 25 is also provided with icons for various editing 
1 5 functions . Although not depicted, dialog menus are also available for designating specific attribute 
values. Icon 26 is the evolve icon for initiating the genetic evolution of the selected parent 
profiles. 

Although the present invention has been 'described with reference to the design of 
automobiles, the present invention is equally applicable to the design of other structures, such as 
20 airplanes, ships, trains, toys, etc. that can be represented in a similar manner with the above 
described local concepts including surface segments and glue segments. 
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Attribute modification, merit values, and the genetic algorithm of the preferred 
embodiment of the present invention will now be explained in detail in the following sections. 

Modifying Attributes: 

As mentioned above, the user can alter attributes through the profile editor 4 in step 2-3. 
5 On the other hand, some changes are generated automatically by the program. These changes 
should respect the setting learned for other parameters. To achieve this feature, curves are 
designed with encoded information on how much deviation an attribute can bear without 
conflicting with the intents expressed by the user in previous modifications. 

Consider for instance the case of asymmetry. Asymmetry takes a value in [-1, 1]. Let 
10 / = -1 denote the left-most value and r = 1 denote the right-most value. Consider the case of a 
specific concept c and assume that c's current asymmetry is a value x 0 e [-1, 1], Define the 
parameterized family of functions / n x0 : [/, r] -* [0,1], where n is a positive parameter: 

= few) if/s**%and 

- if^tj ****"■ 

15 Thus / n>x0 is increasing on [/, xj and decreasing on [x 0 ,r], / n x0 (x 0 ) = 1, / n x0 (I) = 

/n.xo ( r ) = 0. The parameter n controls the sharpness of the pick at x 0 . A point x is at distance 
dn (x,x 0 ) = € from x 0 if / n x0 (x) = e. 

In general each attribute c has a parameter n c that the algorithm adjusts during the 
execution of the program. The higher n c is, the tighter is the control on the value of c. The 
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parameter n c is defined in terms of the merit values of the attribute c. Attributes with higher merit 
values have higher exponents n, allowing less movement around the current value. 

Length adjustments will now be addressed. For every concept c let R(c) denote the 
concept on of the right of c, and L(c) the concept on the left of c. More generally, let R n (c) = 
R(R n ' l (c)) denote the n* concept on the right of c. Similarly L n (c) = L(L n l (c)) is the n th concept 
on the left of c. For every concept c, let A c denote the counter-clockwise extremity of c and C c 
the clockwise extremity of c. There are also two operators of concept-translation r left and r righl . 
For every point P and concept c, T itfi (P,c) translates the concept c in such a way that the 
extremeity A c of c is positioned at P. Similarly, r right translates the concept c in such a way that 
the extremity C c of c is positioned at P. 

Now assume that the user wants to change the length 1(c) of concept c to a new value /', 
while not moving the left part A c . The change proceeds as follows. First, the length of c is 
changed to the required value /' while not moving the left part A c : by definition the extremity C c 
of the concept c is changed. Call c' the concept obtained after this modification of c. Then 
Left_ Adjust is applied for (C c . , R(c)) to (C Rk , l{cV R k (c)). 

For Left_Adjust(Q, /?(c)), first T lcft (Q, R(c)). This means translating the right-neighbor 
R(c) of c so that its left end, A R{c)y is brought to the extremity C c . of c\ After translation, a right 
neighbor R(c') of c' is obtained. Second, change the angle c', and/or the length /(K(C')) to 
admissible values minimizing the distance d (Q (c>) , C^ic)). Third, stop if the distance 
d(Q ( cv c *2(c)) is zero. 

By definition a new value of an attribute is admissible if it satisfies the various constrains 
imposed on that attribute. For instance, one must preserve the relation d a (old-value, new-value) 
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£ 1/2, where d a is the distance dn defined above. If the attribute is an angle, a change is 
admissible only if it respects any constraint on the value absolute_angle_value that might exist. 

The next Left_Adjust, i.e. Left_Adjust (Q (0 , R 2 (c)), is essentially the same as the above, 
except that c' is now /?(c'), and R(Q is now R(R(c)) or R 2 (c). The next Left Adjust would then 
5 be Left_Adjust (C R2{C > )9 R 3 (c)). Left_Adjust (Q k . uo , /?*(c)) proceeds until the distance d(C RkA{c . )f 
Q k(c) )is brought to zero, or until all the concepts have been visited and d(C^ x ^ )y Q k(c) ) is not yet 
zero. In the latter case, output an exception. 

Changing an angle attribute will now be addressed. The process for changing an angle 
attribute is absolutely similar to the one for changing a length. Assume that the user wants to 
10 change the angle of a concept c to a new value a\ while not moving the concept on the left of the 
concept. First, change the concept so that the angle value is changed to the required value a 
Call c' the concept obtained after modification of c. Then, LeftAdjust (C c ., R(c)) 9 Left_Adjust 
(C R{C < )9 R 2 (c)), and proceed doing Left_ Adjust (Q k . uo , /?*(c)) until the distance d(C Rk _ W) , C Rm ) is 
brought to zero. 

15 Merit Values: 

As mentioned above, the present invention maintains merit values in step 2-4 through the 
merit value monitor 5. The rationale for the merit values and how they are maintained are 
detailed as follows. The designer guides the algorithm in two ways. On the one hand, the user 
indicates to the program how he would like to modify specific designs. For instance, the designer 
20 might indicate that he wants to enlarge the greenhouse, or increase the angle between the 
windshield and the hood of a specific design. On the other hand, the designer selects at each phase 
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some candidates of particular interest that he would like the algorithm to work with specifically. 
The results of this user/program interaction are encoded and summarized in the merit values. 
Merit values are numbers attached to concepts and to attributes of concepts. These numbers are 
updated during execution of the program and collectively represent the learned intentions of the 
5 user. 

The following are several useful merit values: Concept_Age; Attribute_Age_user-defined; 
Attribute_Agejprogram-defined; Survival Time; and TotalModifyJTime. For all these merit 
values, time is measured in terms of generations in the evolution of profiles. These merit values 
can be adjusted in terms of various parameters a l9 a 2 , a 3 , a 4 , Ysurvivai.time and Y M odify_ume- The 
10 efficiency of the evolutionary algorithms will depend on judicious choices of these parameters. 

Concept_Age: 

The Concept_Age is a merit value of concepts, but not of attributes of concepts. The 
consideration of the ConceptAge is motivated by the fact that the population of concepts evolve, 
with concepts being born and some other disappearing. For instance, a bump might grow onto 

15 a hood, giving rise to a new concept. Conversely, the distinction between hood and windshield 
might vanish, (the two concepts becoming for instance aligned on a straight line), and be replaced 
by a single hood-windshield concept. As the execution proceeds, the existence of some concepts 
becomes confirmed, whereas the existence of some others becomes less necessary, opening up the 
possibility of their disappearance. The Concept_Age provides a measure of such phenomenon: 

20 older concepts, i.e. , concepts with a larger Concept_Age value should be more stable and pertinent 
than more recent younger concepts. 
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The age of a concept is measured as follows. The first time (i.e., the first generation) a 
concept c appears, the concept is given Concept_Age 1. Specifically, if a profile p develops a 
concept c which neither of its parents had, then Concept_Age p (c)=0. 

On the other hand, if a profile p inherits a concept from one of its parents, 

ConceptAge^c) = max Concept_Age p .(c) + 1 . ( 1 ) 

p';p'€ parents(p) 

The Concept Age can be extended to all profiles by setting Concep^Age^c) = -1 
if the concept c is not part of the profile p. With this extension, formula (1) above holds in full 
generality. 

A ttributes_Age_user-defined : 

Attribute_Age_user-defined is a merit value of attributes. It measures the time (in 
generations) that an attribute value set by the user lasts unchanged. This is useful for the 
following reason. If a user forces a change in a chosen profile, he most probably intends that this 
change is important for the next generation he has in mind. On the other hand, the fact that an 
attribute value has been kept for many generations is the sign that this value corresponds to the 
desire of the user. 

For every attribute a of a concept c (e.g. , the asymmetry of the hood), Attribute_Age_user- 
defined = 0 when a is reset to a new value by the user using some icon. AttributeAgeuser- 
defined = * when a is reset to a new value by the program. If a is inherited from a parent p ' for 
which Attribute_Age_user-defmed p . (a) * * then: 

Attribute_Age_user-defined p (a) = max Attribute_Age_user-defined p , (a) + 1. 

p'; p' £ parents (p) 
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If a is inherited from parents p' which are all such Attribute_Age_user-defined p , (a) = 
* then Attribute_Age_user-defined p (a) = *. 

Attribute_Agejprogram-defined: 

Attribute_Age _program-defined is complementary to Attribute_Age_user-defined in that 
5 it measures the time (in generations) that an attribute value set by the program (not by the user) 
lasts unchanged. The two merit values are related through the following relation: 

Attribute_Age ^program-defined + AttributeAgeuser-defmed = time_since_last_change. 
For every attribute a of a concept c (e.g., the asymmetry of the hood), Attribute- 
Agejprogram-defined = 0 when a is reset to a new value by the program. 
10 Attribute_Age_program-defined = * when a is reset to a new value by the user. If a is inherited 
from parents p' which are all such that: Attribute_Age_j>rogram-defined p . (a) * * then 
Attriute_Age_program-defmed p (a) = max Attribute_Agej}rogram-defined p .(tf) + 1. 

p';p'e parents(p) 

If a is inherited from at least one parent p ' such that Attribute^Agejprogram-defined^ (a) 
15 =*, then Attribute^Agejrogram-defined^ (a) = *. 

Survival_Time: 

SurvivalJTime involves three parameters: SurvivalJTime(c), a x , and <x 2 . SurvivalJTime 
is a merit value of both attributes and concepts. This merit value is designed to capture the 
guidance given by the designer through icon dialog. The idea is that a concept, or a concept 
20 attribute, which stays unchanged while the user makes a series of changes is much more likely to 
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fit the desires of the designer. If a concept or a concept attribute is not to the designer's liking, 
the designer would eventually make a change to it. 

To implement this idea, for each concept c (resp. for each attribute c), and for each profile 
p having concept c (resp. having a concept with attribute c), Survival_Time(c) is defined and 
updated as follows. Here, Ysurvivauime ^1 is a fixed discount factor. 

1 . If the concept/attribute c did not exist in any of the parents of this profile p (i.e. , 
if the concept/attribute is first created with p) then set SurvivalJTime(c) = 1 at the time of this 
creation. 

2. Otherwise, if p is created as one of the nine outputs of the Evolve procedure 
(discussed below), and if p inherits the concept/attribute c from one of its parents, then set at the 
time of this creation: 

Survival_Time(c) = Ysumvaijime max Survival_Time p , (c). (2) 

p';p'e parents(p) 

In this equation, Survival_Time p .(c) is the merit value Survival_Time(cJ derived from 
profile p\ The discounting term y Survival timc is used to formalize that the information extracted 
from recent survivals has more importance then older instances: older contributions decay with 
time at rate Ysurvivaijime- * first implementation, Ysurvwanime = 1 can be taken. 

3 . There are cases where the concept/attribute c was previously made part of p (either 
through creation as in the first scenario above or through inheritance as in the second scenario 
above). Consider the case where the designer selects p as one of the two chosen profiles and uses 
the icon-menu to modify p in such a way that (a) the user selects a region of the profile p 
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containing c, or (b) the user generates some modifications using the icon menu, which result in 
leaving the concept/attribute c unchanged. Two cases are distinguished. 

First is the case when the icon-directed request of change is the first involving c in the 
current cycle. If the blow_up/shrink icon is used, then Survival JTime(c) is incremented by a 1$ 
5 where a } is a constant less then 1. If the user used a dialog menu, then Survival_Time(c) is 
incremented by one. 

Second is the case when the icon-directed request of change is not the first involving c in 
the current cycle. In this case, the procedure above for when the icon-directed request of change 
is the first involving c in the current cycle is followed, but multiply by a 2 , a 2 < 1, for all the 

10 increments. The idea for scaling down the increments by a factor of a 2 is that, as the user can 
only imperfectly express its intentions with icons, the user might have to play several times with 
the icons in a given cycle before translating his intentions with some satisfaction. In other words , 
the user might use icons repetitively during a cycle simply because of the interpretative limitations 
of the icons. On the other hand, the fact that the user refines a given concept at different cycles 

15 indicates a recurrent interest of the user for that concept. 

4. If the user modifies c by generating changes with the icon menu, then 
Survivaltime(c) is reset to 0. 

Total_Modify_Time: 

The Total_Modify_Time involves three parameters: TotaI_Modify_Time(c), <x 3 , and <x 4 . 
20 Survival Time(c) is useful to indicate how a concept or attribute is important because it was not 
changed. The merit value Total_Modify_Time(c) is useful to indicate how a concept or attribute 
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is important because it was changed often. The rationale is that a concept or attribute is changed 
often only if the designer attaches special importance to this part of the profile. Here, YModify u me 
<, 1 is another fixed discount factor. 

1. If the concept/attribute c did not exist in any of the parents of p (i.e., if the 
concept/attribute is first created with p) then set at the time of this creation Total_Modify_Time(c) 
= 1. 

2. Otherwise, if p is created as one of the nine outputs of the Evolve procedure, and 
if p inherits the concept/attribute c from one of its parents, then set at the time of this creation 

Total Jvlodify_Time(c) = y Modlfy Umc max TotalJvlodify_Time p ,(c). (3) 

p';p'e parents(p) 

3. There are now left, as before, cases where c was already created and is part of a 
profile p. Assume that the user modifies p by selecting a region and using an icon, and that c gets 
consequently modified. Again, two cases are distinguished. 

First is the case when the icon-directed request of change is the first involving c in the 
current cycle. If c is the concept or figure of merit that the user specifically requested to change, 
then Total_Modify_Time(c) is incremented by one. If c is affected through the blow up/shrink 
icon, then c is incremented by a3, where a3 is a constant less than 1. 

Second is the case when the icon-directed request of change is not the first involving c in 
the current cycle. If c is an attribute and if the request of change is in the opposite direction then 
a previous one, (e.g. , the previous request was to decrease the value of c, and the current request 
is to increase it), then the procedures above for when the icon-directed request of change is the 
first of the current cycle is followed. Again, if c is an attribute, but if the request of change is in 
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the same direction as the previous one, (e.g., the previous request was to decrease the value of c, 
and the current request is also to decrease it), then do not change Total JtfodifyJTime(c). If c is 
a concept, then change Total_Modify_Time(c) whenever an attribute of c is changed and by the 
same quantity the attribute is changed. 

4. Total_Modify_Time(c) is never reset to 0. But if the concept c disappears 
Total_Modify_Time(c) becomes of course irrelevant and can be purged. 

Genetic Evolution: 

As mentioned above, the genetic evolution unit 6 applies a genetic algorithm using the 
merit values to evolve the parent profiles to produce offspring profiles (in step 2-5). A simple 
class of parameterized genetic evolutionary algorithms that act on the parent profiles will now be 
described. 

Consider first the simple setting where the family of concepts does not change and is the 
same for all profiles. In this simple setting, new concepts are not allowed to appear, and concepts 
are not allowed to disappear or merge. 

Let (c t ) i€l be the family of concepts. For instance c, could be the windshield, c 2 the roof, 
etc. These concepts are organized in a hierarchical fashion: a database that accounts for them is 
built on top of a tree structure. Nevertheless, our first algorithm discards the tree structure and 
only considers leaf concepts, i.e., concepts with attributes. Furthermore, this first class of 
evolutionary algorithms act only on asymmetry and height. It does not allow changes to lengths 
and (relative) angles of concepts. Also, this class of algorithms acts on attributes independently. 



19 



For a given concept, its height and asymmetry are selected independently. For every attribute <z, 
let: 

A u (a) denote the Attribute_Age_user-defined merit value of a; 
A p (a) denote the Attribute_Agejprogram-defined merit value of a\ 
S(a) denote the Survival_time merit value of a; and 
M(a) denote the Total_Modify_Time merit value of a. 

The algorithm is a probabilistic recombination algorithm, which selects for each attribute 
a either a random value, or the value a y associated to one of the profiles already created. The 
probabilistic selection depends on the merit values AJaj), A p (aj), S(aj) 9 M(aj) of all existing 
profiles. A good selection process requires consideration of non-linear expressions in A u (a), A p (a), 
5(a), M(a). 

Consider the case where the user selects a profile in a work window and sets an attribute 
a to a specific value with an icon. The value thus selected clearly has a lot of importance and 
should be treated with special consideration by the algorithm setting the value of a. In other 
words, the algorithm should pay special attention to values a y such that A u (aj) = 0, i.e., values that 
have just been modified by the user. 

Consider now a value a j with very high age A tt {aj). Having a high age, the value a } has 
survived a long time darwinian selection and presumably corresponds to the taste of the user. In 
other words, the algorithm should also pay special attention to values a } with high values A u (aj). 
This shows that the selection process cannot act linearly on A u (a). To model the behavior just 
described, the importance function <p u {X) of A: <fP (A(aJ)) is introduced as a measure of the 
"importance" of an attribute a } as indicated by its age A(aJ)) . The function $ X) has the following 
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properties: max^ 0 (A) = #, O) (0) =v,, where v, is the highest value of <p u iX) ; mm A <p u m (A) = 
0« o> (^iow) = v 2» where v 2 is the lowest value of <p u w andy4 low is the value of A where that minimum 
is attained; and lim^_„ (^4) = v 3 , with v 3 , 0 < v 2 < v 3 < v,. A choice for such a function 

is: 

4> u m (A) = v, + (v 2 - v.) if 0 sA z A low 

A - Aiow 

= V2 + (V3 " V2) A-Ai^+1 ifA *«* A * ~> 
& (l) (*) = 0 with/l low = 3. 

Thus 04) is (locally) maximized for >4 = 0 and for A big. Values with medium level 
ages dj (dj around 3) are given a lower level <p u 0) (Aty)). 

Consider now the case where the user expresses a strong attachment to a value a y This 
happens in particular when the user, after having selected (with an icon) a first time a p and after 
having seen it modified by the (unruly) program, reinstates the value a } . In such cases where the 
user indicates his attachment to a value a j9 this value should ideally retain importance, even as it 
ages. In particular, the loss of importance at 3 shown by <p u (l) is inappropriate in such cases. To 
account for such situations, another important function <p u a) is introduced: 

<Pf\A) = v 3 + 2 ( Vl ~ V3 ) for 0 <, A, and 

A + 1 

= 0. 

Thus <p u a) (0) = v x + (Vj - v 3 ) is higher then <p u 0) (0) = v,. Also, the importance <p u {2) (A) 
decreases with the age A and tends to (p™ («>) = v 3 = <p u (l) («). If a value survives a very long 
time, its importance is independent of the original emphasis put by the user. The use of <p u (2) in 
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this situation appropriately accounts for the fact that, if the user requests a second time the value 
a j9 the importance of that value must be higher. 

Consider now the update of the importance function used to evaluate the age A{a) of an 
attribute a. Which of the two importance functions <p u a) and <p u (l) should be used at a given time 
to evaluate the value a } of an attribute al The following algorithm answers this question. . 

To simplify, let a also denote the value of an attribute a and let [1, r] denote the interval 
within a ranges. For instance, if a is an asymmetry attribute, then 1 = -1 and r = 1. Let 
last_user_choice denote the most recent (measured in generations) value the user selected for a. 
Initially, let last_user_choice=*. Wheni4(a) = 0, i.e. when the user resets the value a to some 
new_user_choice, if flast_user_choice-new_user_choice| <> .l(r-l), then (p u = 0 u a) , else <f> u = 

ft"- 

As another evolutionary algorithm, consider now the genetic algorithm to select the best 
and mutate the rest. For every attribute a, e.g. for the a = height(roof), let (a,), be the family of 
values taken by a over all existing profiles, e.g. the collection of all values for height(roof), one 
for each profile. Let € > 0 be a threshold, and J3 X to fi 4 be parameters. Let W(aJ) 
=PM^ a j))+(h<P P (A p (a)+ A value a } is called admissible if W(a)>e. If the 

set of admissible values is not empty, select among them a value a y with probability y W(aj) where 
K = / ■ Wiaj) is the normalization constant required to have probabilities. If the set 

^— ' admissible aj r x ' 

of admissible values is empty, return a random new value. This random value can be drawn 
according to various probability laws. Let a 0 denote the current value. A first choice is to select 
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a new value a with probability law 1/AT/j a0 (a), where/! a0 is the function / nx0 defined above, and 
where K is a normalizing constant. 

Now consider an evolutionary algorithm in the case where = fi 3 = fi 4 = 0 . In this case, the 
algorithm puts an emphasis in selecting attribute values that have been changed by the user either 
recently or a long time ago. For instance, taking Vj=4, v 2 =3, and v 3 =l yields: 



As described above in detail, the present invention provides a genetic design method and 
apparatus in which desired profiles are broken down into concepts, including the local concepts 
of surface segments and glue segments, and a genetic algorithm is used to evolve parent profiles 
to produce offspring profiles based on merit values of the concepts. The genetic algorithm 
includes a probabilistic recombination algorithm which selects for each of the attributes of the 
concepts at least one of a random value and a value of the attribute associated with one of the 
parent profiles depending on a non-linear importance function based on the merit values. 

By decomposing profiles into segments and evolving such profiles, the present invention 
can enrich the design process with meaningful offspring profiles reflecting various combinations 
of preferred characteristics of the parent profiles. This facilitates quick and easy generation of 
creative concept variations and reduces the overall design time. 

Profiles according to the present invention can be easily modified, while maintaining 
relevant information on the designer's preferences. The combination of the merit values, as 



<P«XA) =4+. 66/4 



if 0 ^ A z 3 




if 3 <, A < <*>, and 



if A = *. 
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represented by the non-linear importance function, reflects the preferences of the designer as the 
design progresses through various modifications and generations of evolution. Accordingly, the 
present invention is able to "learn" what is important to the designer as the concept undergoes 
changes, and the present invention can maintain preferred features across successive generations 
of the profiles. As such, the genetic design method and apparatus of the present invention enriches 
the design process with meaningful offspring profiles embodying preferred attributes from prior 
generations. 

Although preferred embodiments of the present invention have been described, it would 
be appreciated by those skilled in the art that changes may be made in these embodiments without 
departing from the principles and spirit of the invention, the scope of which is defined in the 
claims and their equivalents. 
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